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Sampling the diffraction pattern of a finite specimen at a spacing finer than the Nyquist
frequency (i.e. the inverse of the size of the specimen) corresponds to surrounding the
electron density of the specimen with a region of mathematically zero charge-density.
The finer the sampling frequency, the larger the zero-density region. If the zero-density
region is larger than the electron density region, the phase information is in principle
imbedded inside the diffraction pattern and can be directly retrieved by using a
modification of Fienup's iterative algorithm. In this talk, I will review a theory which was
proposed by some of us to explain why the phase information is uniquely imbedded
inside an oversampled diffraction pattern, and present some experimental results which
support the theory. Two important potential applications will be illustrated: (i) imaging
3D mesoporous nanoscale materials and inorganic nanostructures at 5 – 10 nm resolution
and (ii) imaging single biomolecules at high resolution by utilizing X-ray free electron
laser (X-FEL) exposures. I will report the progress we have made in recording high-
resolution oversampled diffraction patterns from 2D and 3D test specimens and
mesoporous materials (i.e. MCM-48 particles) at APS and SSRL. Finally, I will present
our computer modeling results showing that a simulated molecular diffraction pattern at
2.5 Å resolution accumulated from multiple copies of single rubisco biomolecules each
generated by a femtosecond X-FEL pulse can be successfully phased and transformed
into an accurate electron density map comparable to that obtained by more conventional
methods. The combination of the oversampling method with the extreme brightness and
ultra-short time structure of the X-ray free electron lasers could hence provide a major
new opportunity for the high resolution three-dimensional structure determination of
single biomolecules.
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